In Japan, the prevalence of ischemic heart disease is increasing as the population ages, and percutaneous coronary intervention (PCI) plays a major role in its treatment. Patients undergoing PCI generally receive antiplatelet therapy to prevent recurrent ischemic events. Guidelines recommend the combination of aspirin and a thienopyridine.[1](#cpdd308-bib-0001){ref-type="ref"}, [2](#cpdd308-bib-0002){ref-type="ref"} The thienopyridine clopidogrel is converted to its active metabolite by enzymes such as cytochrome P450 (CYP) 2C9 and 2C19; however, individuals with gene polymorphisms for these enzymes are poor metabolizers of clopidogrel.[3](#cpdd308-bib-0003){ref-type="ref"} CYP2C19 polymorphisms are more common in Japanese than in Western populations.[4](#cpdd308-bib-0004){ref-type="ref"}

Prasugrel is a new antiplatelet agent of the thienopyridine class. It is metabolized by CYP to its active form in the liver (see Figure [1](#cpdd308-fig-0001){ref-type="fig"} for its pathway of activation), and it selectively inhibits the adenosine diphosphate (ADP) receptor P2Y~12~. The pharmacodynamic response to prasugrel is less variable than that of clopidogrel, but the reasons for this are unclear. Loss‐of‐function polymorphisms of CYP2C9 and CYP2C19 are associated with decreased exposure to the active metabolite of clopidogrel but not prasugrel.[3](#cpdd308-bib-0003){ref-type="ref"} The study comparing the effects of a loading dose of prasugrel 60 mg and clopidogrel 300 mg in healthy subjects suggests that the comparatively lower inhibition of platelet aggregation (IPA) by clopidogrel may be associated with lower concentrations of its active metabolite.[5](#cpdd308-bib-0005){ref-type="ref"}

![Pathway of activation of prasugrel. CYPs, cytochromes.](CPDD-6-398-g001){#cpdd308-fig-0001}

Activation of prasugrel depends on CYP2B6 and CYP3A4, which have a greater contribution than CYP2C9 and CYP2C19 to the formation of the active metabolite of prasugrel, R‐138727.[6](#cpdd308-bib-0006){ref-type="ref"} In healthy subjects, reduced‐function polymorphisms of CYP genes, including CYP2B6, CYP3A5, CYP2C9, and CYP2C19, had no significant effect on pharmacokinetic or pharmacodynamic responses to prasugrel, and no associations were found between these genetic variants and cardiovascular outcomes in patients with acute coronary syndromes treated with prasugrel in the TRITON‐TIMI 38 study.[7](#cpdd308-bib-0007){ref-type="ref"} Differences in susceptibility to inhibition of CYP may underlie variability between individuals in their response to clopidogrel and prasugrel. In healthy subjects, the CYP3A inhibitor ketoconazole decreases formation of the active metabolite of clopidogrel but not that of prasugrel, and this is associated with reduced IPA by clopidogrel.[8](#cpdd308-bib-0008){ref-type="ref"} In healthy subjects, the CYP inducer rifampicin has no significant effect on the formation of the active metabolite of prasugrel.[9](#cpdd308-bib-0009){ref-type="ref"}

Outside Japan, the large‐scale TRITON‐TIMI 38 study, which involved patients with myocardial infarction and unstable angina pectoris undergoing PCI, showed that prasugrel is effective in reducing the incidence of ischemic events.[10](#cpdd308-bib-0010){ref-type="ref"} Based on this evidence from TRITON‐TIMI 38, prasugrel was approved by the US Food and Drug Administration for reducing the incidence of vascular events in patients with acute coronary syndrome undergoing PCI.

In the treatment of acute coronary syndrome, thienopyridines are generally given at a high initial loading dose in combination with aspirin, followed by repeated low doses as maintenance.[2](#cpdd308-bib-0002){ref-type="ref"} In TRITON‐TIMI 38, prasugrel was given at a loading dose of 60 mg and a maintenance dose of 10 mg.[10](#cpdd308-bib-0010){ref-type="ref"} However, it is unknown whether this dosage is appropriate for Japanese patients.

Prasugrel active metabolite exposure is increased with decreased body weight.[11](#cpdd308-bib-0011){ref-type="ref"}, [12](#cpdd308-bib-0012){ref-type="ref"}, [13](#cpdd308-bib-0013){ref-type="ref"}, [14](#cpdd308-bib-0014){ref-type="ref"}, [15](#cpdd308-bib-0015){ref-type="ref"} In a study in healthy subjects, exposure to the prasugrel active metabolite was greater in East Asians than in whites after they received a 60‐mg loading dose of prasugrel and during periods of receiving daily maintenance doses of 10 and 5 mg; at both maintenance doses, the inhibitory effect on platelet aggregation was greater in the East Asian subjects.[16](#cpdd308-bib-0016){ref-type="ref"} In a study of healthy Chinese and white subjects given a single 30‐mg dose of prasugrel, the Chinese subjects had greater exposure to the active metabolite of prasugrel, and the antiplatelet effect of prasugrel was greater for up to 2 hours after dosing.[17](#cpdd308-bib-0017){ref-type="ref"} Because the average body weight of Japanese is less than that of whites, the dose of prasugrel for Japanese subjects would be expected to be lower than that prescribed in the United States and the European Union. In healthy Japanese subjects, single oral administration of prasugrel at a dose of up to 30 mg and multiple administration of prasugrel at a dose of up to 10 mg were tolerated.[18](#cpdd308-bib-0018){ref-type="ref"} In the present study, we evaluated the pharmacokinetics and pharmacodynamics of prasugrel given orally as a single administration of 20 and 30 mg and as multiple administrations at loading/maintenance doses of 20/5 and 30/7.5 mg in combination with aspirin 100 mg in healthy Japanese subjects.

Subjects and Methods {#cpdd308-sec-0020}
====================

Subjects and Study Design {#cpdd308-sec-0030}
-------------------------

We conducted a randomized, placebo‐controlled, double‐blind study involving 43 healthy Japanese subjects who were aged ≤45 years and with a body mass index ≥18.5 to \<25.0 kg/m^2^. The upper limit of age was defined as 45 years because of the variability in laboratory test results in older individuals. In the single‐administration study, 23 subjects received aspirin 100 mg once daily for 5 days. Subsequently, under treatment with aspirin (100 mg/day), a single administration of prasugrel 20 or 30 mg or placebo was given orally. In the multiple‐administration study, 20 subjects received aspirin 100 mg once daily for 5 days. Subsequently, under treatment with aspirin (100 mg/day), a loading dose of prasugrel 20 or 30 mg or placebo was given on day 1 of this period. On days 2--5, a maintenance dose of prasugrel 5 or 7.5 mg or placebo was given once daily. Blood samples were collected when the loading dose and the last maintenance dose were given.

These studies were done in accordance with the Declaration of Helsinki and Good Clinical Practice guidelines and were approved by the local ethics committee. All subjects gave written informed consent before enrollment.

Study Sites {#cpdd308-sec-0040}
-----------

The single‐administration study was carried out at Shinpukai Maruyama Hospital with the approval of the Shinpukai Maruyama Hospital institutional review board. The multiple‐administration study was carried out at 2 sites: the Center for Clinical Research, Hamamatsu University School of Medicine, University Hospital, with the approval of the Hamamatsu University School of Medicine, University Hospital institutional review board; and Shinpukai Maruyama Hospital, with the approval of the Shinpukai Maruyama Hospital institutional review board.

Pharmacokinetic Evaluation {#cpdd308-sec-0050}
--------------------------

In the single‐administration study, we collected blood samples at each of the following blood sampling times: before coadministration and 0.25, 0.5, 1, 1.5, 2, 4, 6, 8, and 12 hours after coadministration. In the multiple‐administration study, we collected blood samples at each of the following blood sampling times: before coadministration and 0.25, 0.5, 1, 1.5, 2, 4, 6, 8, and 12 hours after administration of the loading dose (day 1) and the maintenance dose (day 5). At each sampling point, 5 mL of venous blood was collected in a vacuum blood sampling tube containing ethylenediamine tetraacetic acid sodium. Immediately after blood sampling, 25 μL of 0.5 mol/L 3′‐methoxyphenacyl bromide/acetonitrile solution (MPBr) was added, and it was mixed by inverting and chilled on ice. After it was centrifuged for 10 minutes (4°C at 3000 rpm), the plasma obtained was separated into 2 storage tubes, each containing approximately 0.8 mL. These samples were stored frozen (set temperature, ‐20°C or lower) until shipment to the institution for drug concentration measurement.

The plasma concentration of the active metabolite of prasugrel, R‐138727, was measured by the liquid chromatography--tandem mass spectrometry (LC‐MS/MS) method.[19](#cpdd308-bib-0019){ref-type="ref"}, [20](#cpdd308-bib-0020){ref-type="ref"}, [21](#cpdd308-bib-0021){ref-type="ref"} Inertsil ODS‐3 (GL Sciences Inc.) was used as the high‐pressure liquid chromatography (HPLC) column. The LC mobile phase was methanol with 1% formic acid (54:46), and the methanol and 1% formic acid were mixed using an HPLC pump. The rate of flow was 0.25 mL/min and the injection volume 10 μL.

A quadrupole tandem mass spectrometer was used for MS (model API4000; Applied Biosystems, Inc.). The ions monitored (m/z) were 498.2→348.2 for derivatized R‐138727 and 502.2→352.2 for derivatized internal standard (R‐148681). The lower limit of sensitivity was 0.5 ng/mL for both R‐138727 and the internal standard.

From the chromatogram obtained, the peak area ratio (*Y*) for the active metabolite and internal standard were calculated using the LC‐MS/MS data‐processing software Analyst. Subsequently, using the calibration curve obtained by linear regression with the preparation concentration as *X* and an applied weighting of 1/*X* ^2^, quantitative calculations were made by the internal standard method. Based on the plasma concentration of the active metabolite, the following parameters were calculated: area under the plasma concentration--time curve (AUC) to the last quantifiable time (AUC~0--tz~), maximum plasma concentration (C~max~), time to reach maximum plasma concentration (t~max~), and elimination half‐life (t~1/2~) by noncompartmental analysis. WinNonlin Pro version 4.1 (Pharsight Corporation, Mountain View, California) was used for calculation of pharmacokinetic parameters, and S‐Plus 6.2J for Windows (Mathematical Systems, Inc., Tokyo, Japan) was used for the data handling.

Pharmacodynamic Evaluation {#cpdd308-sec-0060}
--------------------------

Platelet‐rich plasma was prepared, and platelet aggregation was induced using ADP 5 and 20 μM, collagen 2 μg/mL, and arachidonic acid 0.75 mM (in the multiple‐administration study only). CHRONO‐PAR ADP REAGENT (Chrono‐Log Corp., Cat. No. 384) was used as ADP. Using the maximum platelet aggregation measured by a platelet aggregation analyzer (MC Medical Inc., MCM Hematracer 313M), IPA at each blood sampling time was calculated using the following formula:$${{IPA}\mspace{6mu}\mspace{6mu}}\left( \% \right) = \mspace{6mu}\frac{{{MPA}\mspace{6mu}{at}\mspace{6mu}{screening}\mspace{6mu}} - {{MPA}\mspace{6mu}{at}\mspace{6mu}{each}\mspace{6mu}{measurement}\mspace{6mu}{point}}}{{MPA}\mspace{6mu}{at}\mspace{6mu}{screening}}\mspace{6mu} \times 100$$

In the multiple‐administration study, vasodilator‐stimulated phosphoprotein (VASP) was measured by flow cytometry as an indicator of platelet activation,[22](#cpdd308-bib-0022){ref-type="ref"} and the platelet reactivity index (PRI) at each blood sampling time was calculated using the following formula: $${{PRI}\mspace{6mu}} = \mspace{6mu}\frac{{MF}I_{{PGE}1} - {MF}I_{ADP}}{{MF}I_{{PGE}1}}\mspace{6mu} \times 100$$ $${MF}I_{{PGE}1}{\mspace{6mu} = \mspace{6mu}{MFI}}\left( {T1} \right){\mspace{6mu} - \mspace{6mu}{MFI}}\left( {T3} \right)$$ $${MF}I_{ADP}{\mspace{6mu} = \mspace{6mu}{MFI}}\left( {T2} \right){\mspace{6mu} - \mspace{6mu}{MFI}}\left( {T3} \right)$$

where MFI is the mean fluorescence intensity; PGE1, prostaglandin E1; MFI(T1), the value of MFI after stimulating the sample with PGE1, when stained with antiphosphorylated VASP antibodies; MFI(T2), the value of MFI after stimulating the sample with ADP and PGE1, when stained with antiphosphorylated VASP antibodies; and MFI(T3), the value of MFI after stimulating the sample with ADP and PGE1, when stained with negative control antibodies.

Potential Side Effects {#cpdd308-sec-0070}
----------------------

Variables included adverse events, clinical laboratory test values, vital signs, and electrographic findings. In the single‐administration study, the incidence of adverse events from the time of administration to 144 hours after dosing was evaluated. In the multiple‐administration study, the evaluation period of adverse events was from day 1 to 144 hours after the final dosing.

Statistical Analysis {#cpdd308-sec-0080}
--------------------

Scatterplots of AUC~0--tz~ and C~max~ versus dose were prepared, and these parameters were fitted to a power model. By linear regression analysis using the power model log *Yij* = α + β log *Xi* (*Xi*, dose; *Yij*, pharmacokinetic parameter), estimates of α and β as well as their 2‐sided 95% confidence intervals (CI) were calculated.

Regarding IPA at each blood sampling point for each subject, summary statistics were calculated by dose and by blood sampling point, and graphs of the time courses were prepared. The placebo group and each dose group were compared using Dunnett\'s test by blood sampling time. The significance level was set at 5%. For PRI, summary statistics were calculated by dose and by time to show the time courses. The correlation between IPA and AUC~0--tz~ was shown using scatterplots.

Results {#cpdd308-sec-0090}
=======

Single‐Administration Study {#cpdd308-sec-0100}
---------------------------

### Disposition of Subjects {#cpdd308-sec-0110}

The demographic and baseline characteristics of the subjects are shown in Supplemental Tables 1 and 2 (quantitative and qualitative data, respectively). There was no potential bias in quantitative data that would affect the results between each group. Regarding qualitative data, the distribution of subjects with a smoking habit varied between groups, but smoking was prohibited from 3 days before administration of aspirin until the day of completion of postadministration tests to minimize the effect of smoking.

Plasma concentration data for the active metabolite at 1.5 hours of 1 subject in the 30‐mg group were excluded from the pharmacokinetic analysis because the data were below the limit of quantification. In the sample from this subject, hemolysis was not detected, possibly because of the insufficient addition of MPBr solution or inadequate mixing with MPBr solution, resulting in incomplete derivatization and a concentration below the limit of quantification. We considered pharmacokinetic data for this subject to be incomplete and a potential cause of bias in the pharmacokinetic evaluation, so we excluded them from the analysis. Data for all other subjects were used for the analyses.

### Pharmacokinetics {#cpdd308-sec-0120}

After a single administration of prasugrel 20 or 30 mg, the plasma concentration of the active metabolite, R‐138727, reached a maximum at 0.5 hours, rapidly decreased within 4 hours, and neared the lower limit of quantification by 6 hours (Figure [2](#cpdd308-fig-0002){ref-type="fig"}). AUC~0--tz~ and C~max~ were about 1.8‐fold higher in the 30‐mg group than in the 20‐mg group. No dose‐related change was observed in t~max~ and t~1/2~ (Table [1](#cpdd308-tbl-0001){ref-type="table-wrap"}).

![Changes in plasma concentration of the active metabolite of prasugrel, R‐138727, in the single‐administration study. Data are expressed as the arithmetic mean ± SD. Values below the limit of quantitation were treated as zero in calculation of the arithmetic means.](CPDD-6-398-g002){#cpdd308-fig-0002}

###### 

Pharmacokinetic Parameters for the Active Metabolites of Prasugrel After a Single Dose[a](#cpdd308-tbl1-note-0002){ref-type="fn"}

  Dose               AUC~0--tz~, ng⋅h/mL   C~max~, ng/mL       t~max~, h       t~1/2~, h
  ----------------- --------------------- --------------- ------------------- -----------
  20 mg (n  =  9)       140.7 (51.4)       144.9 (86.8)    0.50 (0.50--1.00)   4.4 (2.1)
  30 mg (n  =  9)       246.3 (66.4)       251.3 (104.1)   0.50 (0.50--1.00)   4.4 (1.9)

AUC~0--tz~, area under the plasma concentration--time curve from time 0 to last measurement; C~max~, maximum plasma concentration; t~max~, time to C~max~; t~1/2~, terminal elimination half‐life.

Values are arithmetic mean (standard deviation) for AUC~0--tz~, C~max~, and t~1/2~, and median (range) for t~max~.

John Wiley & Sons, Ltd.

### Pharmacodynamics {#cpdd308-sec-0130}

Inhibition of ADP (20 μM)--induced platelet aggregation in the placebo, prasugrel 20‐mg, and prasugrel 30‐mg groups at baseline was 14.44% ± 10.66%, 14.22% ± 5.27%, and 11.63% ± 6.60%, respectively. IPA increased rapidly after dosing of prasugrel, and the maximum IPA values of prasugrel 20 or 30 mg were 61.49% ± 4.52% and 73.28% ± 8.05%, respectively; IPA then decreased gradually (Figure [3](#cpdd308-fig-0003){ref-type="fig"}a). In both treatment groups, IPA was significantly higher than in the placebo group 1--144 hours after administration of prasugrel (*P* \< .0001 to *P *\< .01). Similar changes were found in each group for inhibition of ADP (5 μM)--induced platelet aggregation.

![Changes in inhibition of platelet aggregation (IPA) in the single‐administration study. Inhibition of (a) ADP (20 μM)‐ and (b) collagen (2 μg/mL)‐induced platelet aggregation. \**P *\< .05, \*\**P* \< .01, and \*\*\**P* \< .0001 versus placebo group. Data are expressed as the arithmetic mean ± SD.](CPDD-6-398-g003){#cpdd308-fig-0003}

Inhibition of collagen‐induced platelet aggregation in the placebo, prasugrel 20‐mg, and prasugrel 30‐mg groups at baseline was 66.20% ± 25.72%, 65.61% ± 19.03%, and 70.70% ± 16.91%, respectively. Two hours after administration of prasugrel 20 or 30 mg, IPA peaked at 92.59% ± 4.71% and 93.80% ± 3.11%, respectively; the high level of inhibition (≥80%) was maintained for 24 hours in the 20‐mg group and 48 hours in the 30‐mg group. By 96 hours, IPA had decreased in both treatment groups to below the level before the start of combination therapy (Figure [3](#cpdd308-fig-0003){ref-type="fig"}b). IPA was significantly higher than in the placebo group 1--24 hours after administration of prasugrel 20 mg and 1--144 hours after administration of prasugrel 30 mg (*P *\< .01 to *P *\< .05).

Figure [4](#cpdd308-fig-0004){ref-type="fig"}a shows scatterplots showing the relationship between AUC~0--tz~ and IPA at 4 hours in the single‐administration study. AUC~0--tz~ for 30 mg was higher than for 20 mg, whereas IPA was similar for 20 and 30 mg.

![Scatterplots of area under the curve (AUC) and inhibition of platelet aggregation (IPA) (at 4 hours) after (a) a single administration of prasugrel and (b) multiple administrations of prasugrel (on day 5).](CPDD-6-398-g004){#cpdd308-fig-0004}

### Possible Side Effects {#cpdd308-sec-0140}

No subjective or objective symptoms were reported. No subjects discontinued the study because of serious adverse events, adverse events considered important, or other abnormal changes in clinical laboratory test values.

Multiple‐Administration Study {#cpdd308-sec-0150}
-----------------------------

### Disposition of Subjects {#cpdd308-sec-0160}

Demographic and baseline characteristics of subjects based on quantitative and qualitative data are shown in Supplemental Tables 1 and 2, respectively. Regarding the quantitative data, age (arithmetic mean and median) was slightly higher in the placebo group than in the other 2 groups. However, the difference was not considered great enough to affect the study results. Regarding qualitative data, distribution of subjects with a smoking habit varied between groups, but smoking was prohibited from the day of hospitalization until the day of completion of postadministration tests to minimize the effect of smoking. For other demographic and baseline characteristics, no bias that would affect the results was observed between each group.

Data for 4 subjects each in the 20/5‐mg and 30/7.5‐mg groups (total, 8 subjects) were not used in the analyses and treated as missing values because there was a problem with the derivatization procedure (addition of MPBr solution) at sampling for measurement of the active metabolite concentrations from days 1 to 3 after administration of prasugrel in combination with aspirin. Therefore, in these subjects, we did not calculate pharmacokinetic parameters for the active metabolite on day 1.

### Pharmacokinetics {#cpdd308-sec-0170}

In both groups receiving a loading dose/maintenance dose of 20/5 and 30/7.5 mg, plasma concentrations of R‐138727 reached a maximum 0.5 hours after administration of the loading dose (day 1) and the maintenance dose (day 5); see Figure [5](#cpdd308-fig-0005){ref-type="fig"}. It then rapidly decreased within 4 hours and neared the lower limit of quantification by 6 hours.

![Changes in plasma concentration of the active metabolite of prasugrel, R‐138727, in the multiple‐administration study. Changes on day 1 after a loading dose (a) and day 5 after maintenance dose (b). Data are expressed as the arithmetic mean ± SD. Values below the limit of quantitation were treated as zero in calculation of the arithmetic means.](CPDD-6-398-g005){#cpdd308-fig-0005}

In the 30/7.5‐mg group, AUC~0--tz~ and C~max~ were 1.5--2.1 times higher than those of the 20/5‐mg group during administration of both loading and maintenance doses (Table [2](#cpdd308-tbl-0002){ref-type="table-wrap"}). Also, although t~max~ values after the loading dose and the maintenance dose were similar in both groups, t~1/2~ was shorter after the maintenance dose in the 20/5‐mg group than in the 30/7.5‐mg group.

###### 

Pharmacokinetic Parameters for the Active Metabolite of Prasugrel After Multiple Doses[a](#cpdd308-tbl2-note-0002){ref-type="fn"}

  Loading/Maintenance Dose    AUC~0--tz~, ng⋅h/mL   C~max~, ng/mL       t~max~, h       t~1/2~, h
  -------------------------- --------------------- --------------- ------------------- -----------
  20/5 mg                                                                              
  Day 1 (n  =  4)                341.3 (45.2)       363.6 (98.5)    0.50 (0.50--1.00)   6.4 (2.4)
  Day 5 (n  =  8)                 61.3 (20.9)        72.3 (34.2)    0.50 (0.25--1.00)   2.7 (1.1)
  30/7.5 mg                                                                            
  Day 1 (n  =  4)                594.4 (127.7)      566.2 (197.3)   0.50 (0.50--1.00)   7.1 (0.5)
  Day 5 (n  =  8)                124.3 (37.8)       111.0 (39.8)    0.50 (0.25--1.00)   4.6 (2.2)

AUC~0--tz~, area under the plasma concentration--time curve from time 0 to last measurement; C~max~, maximum plasma concentration; t~max~, time to C~max~; t~1/2~, terminal elimination half‐life.

Values are arithmetic mean (standard deviation) for AUC~0--tz~, C~max~, and t~1/2~ and median (range) for t~max~.

John Wiley & Sons, Ltd.

### Pharmacodynamics {#cpdd308-sec-0180}

Inhibition of ADP (20 μM)--induced platelet aggregation in the placebo, prasugrel 20/5‐mg, and prasugrel 30/7.5‐mg groups at baseline was 13.13% ± 8.87%, 12.89% ± 10.50%, and 15.51% ± 10.25%, respectively. In both treatment groups, IPA rapidly increased, peaking at 63.69% ± 7.58% and 70.76% ± 11.65%, respectively (Figure [6](#cpdd308-fig-0006){ref-type="fig"}a).

![Changes in inhibition of platelet aggregation (IPA) in the multiple‐administration study. Inhibition of (a) adenosine diphosphate (20 μM)-- and (b) collagen (2 μg/mL)--induced platelet aggregation on day 1 after a loading dose and day 5 after a maintenance dose. \**P* \< .05, \*\**P* \< .01, \*\*\**P* \< .001, \*\*\*\**P* \< .0001 versus placebo group. Data are expressed as the arithmetic mean ± SD.](CPDD-6-398-g006){#cpdd308-fig-0006}

Inhibition of platelet aggregation gradually decreased after the last maintenance dose. However, it was significantly higher than in the placebo group from 1 hour after the loading dose until 72 hours after the last maintenance dose in the 20/5‐mg group, and from 1 hour after the loading dose until 144 hours after the last maintenance dose in the 30/7.5‐mg group (*P* \< .0001 to *P \<* .05). Inhibition of ADP (5 μM)--induced platelet aggregation showed changes similar to inhibition of ADP (20 μM)--induced platelet aggregation.

Inhibition of collagen‐induced platelet aggregation in the placebo, prasugrel 20/5‐mg, and prasugrel 30/7.5‐mg groups at baseline were 52.95% ± 15.25%, 51.61% ± 16.56%, and 51.29% ± 24.59%, respectively. In both the prasugrel 20/5‐mg and prasugrel 30/7.5‐mg groups, IPA rapidly increased after administration of the loading dose, reaching 92.35% ± 7.53% and 88.34% ± 12.48%, respectively (Figure [6](#cpdd308-fig-0006){ref-type="fig"}b).

Although inhibition of collagen‐induced platelet aggregation decreased from 24 hours after the last maintenance dose more rapidly than inhibition of ADP‐induced platelet aggregation, IPA was significantly higher from 1 hour after the loading dose until 24 hours after the last maintenance dose in the 20/5‐mg group and from 1 hour after the loading dose until 144 hours after the last maintenance dose in the 30/7.5‐mg group, compared with the placebo group (*P* \< .0001 to *P *\< .05).

Platelet reactivity index values determined by VASP in the placebo, prasugrel 20/5‐mg, and prasugrel 30/7.5‐mg groups at baseline were 84.25% ± 5.84%, 85.01% ± 3.75%, and 77.38% ± 8.81%, respectively. PRI rapidly decreased after administration of the loading dose in both treatment groups, reaching a minimum of 22.99% ± 9.66% and 6.85% ± 5.44%, respectively (Figure [7](#cpdd308-fig-0007){ref-type="fig"}).

![Changes in platelet reactivity index (PRI) in the multiple‐dose study. PRI assessed by vasodilator‐stimulated phosphoprotein on day 1 after a loading dose and day 5 after the last maintenance dose. \**P* \< .001, \*\**P* \< .0001 versus placebo group. Data are expressed as the arithmetic mean ± SD.](CPDD-6-398-g007){#cpdd308-fig-0007}

Figure [4](#cpdd308-fig-0004){ref-type="fig"}b shows scatterplots showing the relationship between AUC~0--tz~ and IPA at 4 hours on day 5 in the multiple‐administration study. AUC~0--tz~ for 30/7.5 mg was higher than for 20/5 mg, and IPA for 30/7.5 mg was slightly higher than for 20/5 mg.

### Possible Side Effects {#cpdd308-sec-0190}

In the 20/5‐mg group, hematoma at the puncture site and epistaxis were reported in 1 subject each. Two cases of subcutaneous hemorrhage and 2 cases of occult blood--positive were reported in the 30/7.5‐mg group. Although these adverse events were hemorrhagic, a potential complication of prasugrel therapy, the severity of the symptoms seemed unrelated to the dose of prasugrel. No discontinuations of the study because of adverse events or abnormal changes in vital signs or electrocardiogram were reported.

Discussion {#cpdd308-sec-0200}
==========

We evaluated the pharmacokinetics and pharmacodynamics of prasugrel given as a single administration (20 or 30 mg) and as multiple administrations (a 20‐ or 30‐mg loading dose followed by a 5‐ or 7.5‐mg maintenance dose) used in combination with aspirin 100 mg in healthy Japanese subjects.

In the pharmacokinetic evaluation, both the single‐administration study and the multiple‐administration study showed that the plasma concentration of the active metabolite of prasugrel, R‐138727, rapidly increased, reached a maximum 0.5 hours after administration, and decreased to a level near the lower limit of quantification after 4 hours. This result is consistent with the results of a single‐administration study of prasugrel monotherapy in healthy Japanese adults.[18](#cpdd308-bib-0018){ref-type="ref"} The present study adds to the findings of the previous study by showing that a rapid and transient increase in the plasma concentration of R‐138727 can also be obtained when prasugrel is used in combination with aspirin.

The AUC~0--tz~ and C~max~ of R‐138727 were about 1.8‐fold higher in the 30‐mg group than in the 20‐mg group in the single‐administration study and 1.5‐ to 2.1‐fold higher in the 30/7.5‐mg group than in the 20/5‐mg group in the multiple‐administration study. This result shows that the plasma concentration of the active metabolite increases dose‐dependently when prasugrel is used in combination with aspirin.

In the present study, the AUC~0--tz~ and C~max~ of R‐138727 after a single administration of prasugrel 20 or 30 mg were small, less than half of equivalent values after multiple administrations of 20/5 or 30/7.5 mg. They were also about one‐third of equivalent values obtained in a previous study in which healthy Japanese subjects received prasugrel monotherapy given as a single administration of prasugrel 20 or 30 mg.[18](#cpdd308-bib-0018){ref-type="ref"} However, in the present study the AUC~0--tz~, C~max~, and t~1/2~ of R‐138727 after a loading dose of 20 or 30 mg (for multiple administrations) were almost equivalent to those reported in the previous prasugrel monotherapy study.[18](#cpdd308-bib-0018){ref-type="ref"} Therefore, the effect of aspirin on the pharmacokinetics of prasugrel appears small.

A possible influence on our results was a problem with the derivatization procedure (addition of MPBr solution) for 4 subjects in the 20/5‐mg group and 4 subjects in the 30/7.5‐mg group (in the multiple‐administration study) at the time of sampling, so we could not compute pharmacokinetic parameters for these subjects on day 1. Because there were 4 fewer subjects for the analyses in each of these groups, individual variability in measurements between subjects could have affected the mean values in these groups.

Inhibitory effects on ADP (20 M)--induced platelet aggregation were similar after single and multiple administrations in the present study, so there might have been problems in the measurement of the active metabolite; however, the precise mechanism could not be identified.

In the pharmacodynamic evaluation, inhibition of ADP‐ and collagen‐induced platelet aggregation after both the loading dose (20 or 30 mg) and the maintenance dose (5 or 7.5 mg) increased significantly more than in the placebo group within 1 hour. Also, in both the single‐administration study and the multiple‐administration study, inhibition of ADP‐induced platelet aggregation after single and multiple administrations was significantly higher than that in the placebo group 72--144 hours after the last dose of prasugrel. PRI after multiple administrations was significantly lower than that in the placebo group from 1 hour after loading dose to 72--144 hours after the last dose of prasugrel. Therefore, our results show that in patients treated with aspirin, prasugrel rapidly exerts potent platelet aggregation inhibition within 1 hour and maintains its effect for 3--6 days after the last maintenance dose. Also, in the multiple‐administration study, IPA after the maintenance dose was maintained at the same level as that of the loading dose, showing stable platelet aggregation inhibition by prasugrel used in combination with aspirin. In both the single‐administration study and the multiple‐administration study, AUC and IPA at each dose and the relationship between AUC and IPA were similar to those reported in patients receiving prasugrel monotherapy.

The results of the present study suggest that a loading dose of prasugrel 20 mg exerts a sufficient antiplatelet effect in Japanese individuals. In the multiple‐administration study, inhibition of ADP (20 μM)--induced platelet aggregation 4 hours after administration of prasugrel 20/5 mg was 63.7% and 24 hours after prasugrel administration on day 5 was 51.7% in the 20/5‐mg group and 60.2% in the 30/7.5‐mg group. These IPA values are similar to those in healthy Western subjects 4 hours after administration of a higher loading dose of prasugrel (60 mg), and 24 hours after administration of a final maintenance dose of prasugrel 10 mg on day 5.[23](#cpdd308-bib-0023){ref-type="ref"} In the present study, relatively low doses of prasugrel exerted an antiplatelet effect in Japanese subjects equivalent to that exerted by higher doses in Western subjects. This is probably because of the lower average body weight in Japanese individuals, and higher expected exposure to the active metabolite of prasugrel.

In a clinical pharmacological study in Japanese patients with coronary artery disease undergoing PCI, inhibition of ADP (20 μM)--induced platelet aggregation on day 28 was 32.1% in the prasugrel 20/3.75‐mg group and 37.7% in the prasugrel 20/5‐mg group[24](#cpdd308-bib-0024){ref-type="ref"}; these results suggest that the appropriate maintenance dose may be 5 or 3.75 mg. In a comparison with clopidogrel in the same study, inhibition of ADP (20 μM)--induced platelet aggregation on day 28 was lower (21.7%) in the clopidogrel 300/75‐mg group. Furthermore, inhibition of ADP (20 μM)--induced platelet aggregation 4 hours after administration of prasugrel 20 mg was similar to that 4 hours after administration of clopidogrel 300 mg in healthy Japanese CYP2C19 extensive metabolizers.[25](#cpdd308-bib-0025){ref-type="ref"}

The active metabolite of prasugrel, R‐138727, has irreversible effects on P2Y~12~ on the platelet membrane.[26](#cpdd308-bib-0026){ref-type="ref"} However, the life of circulating human platelets is only 8--10 days, and about 20% are replaced daily with new platelets.[27](#cpdd308-bib-0027){ref-type="ref"} Prasugrel promptly exerts platelet aggregation inhibition because of the increased plasma concentration of R‐138727. Levels of the drug then decrease as R‐138727 is catabolized by the metabolic turnover of blood platelets, and it disappears almost completely after about 6 days. In the present study, the inhibitory effect on platelet aggregation was stronger in subjects who received a higher dose of prasugrel than in those who received a lower dose (for both loading and maintenance doses); this finding reflects differences in the plasma concentration of R‐138727. Inhibition of arachidonic acid--induced platelet aggregation, which is used as an indicator of the efficacy of aspirin,[28](#cpdd308-bib-0028){ref-type="ref"} was 97.30%--98.18% before administration of prasugrel (data not shown). Therefore, we believe that the efficacy of aspirin had reached a maximum after multiple administrations for about 5 days.

Although adverse events for which a causal relation with prasugrel could not be denied were reported, they were mild and did not cause problems in either the single‐administration study or the multiple‐administration study.

Limitations {#cpdd308-sec-0210}
-----------

It is not possible to draw conclusions about the efficacy and safety of prasugrel as an antiplatelet agent in patients undergoing PCI, who are more likely to be older, because this was a pharmacokinetic and pharmacodynamic study in a small number of young healthy subjects over a short period.

Conclusions {#cpdd308-sec-0220}
===========

In healthy Japanese subjects, prasugrel rapidly inhibits platelet aggregation when given as a single administration (20 or 30 mg), and these effects are maintained with multiple administration (20 or 30 mg as a loading dose, followed by 5 or 7.5 mg, respectively, as a maintenance dose).
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